Abstract. Triple-negative breast cancer (TNBC), a unique subtype of breast cancer, which is resistant to endocrine and targeted therapy, usually relapses early, progresses rapidly and is associated with a poor prognosis. Epidemiological investigations focusing on the association between risk factors and the onset of TNBC demonstrated that the incidence of TNBC exhibits a significant correlation with anthropometric, geographical and demographic parameters. The aim of the present systematic review and meta-analysis was to evaluate the strength of the association between the use of oral contraceptives (OCs) and TNBC. Two databases (PubMed Central/PubMed, Web of Science) and secondary references were searched to identify studies meeting the priorly established inclusion criteria. Case-control studies published between January, 2005 and March, 2016 were searched using the key words (triple-negative breast cancer OR basal-like) AND (oral contraceptives). Finally, 9 eligible articles using as control other subtypes of invasive breast cancer and 7 articles using a healthy population as control were incorporated in the meta-analysis. Pooled odds ratio (OR) and 95% confidence interval (CI) were calculated using fixed-or random-effects models according to the heterogeneity between studies. The case-control comparison using other subtypes of breast cancer as the control arm exhibited a significant association between OC use and TNBC (OR = 1.31, 95% CI = 1.18-1.45; Z=5.26, P<0.00001). These results were further confirmed by the case-control comparison using the healthy population as the control arm (OR = 1.21, 95% CI = 1.01-1.46; Z=2.04, P=0.04). The present meta-analysis indicated that women who use OCs have a greater risk of TNBC compared with women who do not. This conclusion prompts that women who used OCs should be examined more closely in population screenings of breast cancer, as they may benefit from prevention and early detection strategies.
Introduction
Breast cancer is one of the most common malignant tumors in women and the leading cause of death among middle-aged women (1) . Breast cancer may be classified into several subtypes according to its different etiology, clinicopathological presentation, molecular characteristics and response to therapy. Molecular biological methods are considered to be the gold standard for their accuracy in diagnosis due to the nature of the specific biological characteristic of the different breast cancer subtypes (2) . In general, estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2) are used as markers for invasive breast cancer classification in order to predict the outcome and select the optimal therapeutic strategies for the management of breast cancer (3) .
With the development of molecular biology technology in recent years, an increasing number of molecular markers may be selected to classify the subtypes of invasive breast cancer. Due to the complexity, cost and lack of uniform standards of gene chip technology, it is difficult to apply in clinical practice. In clinical practice, immunohistochemistry for determining the ER, PR and HER2 status has been used to classify breast cancer into four subtypes, namely luminal A, luminal B, HER2-overexpressing and triple-negative breast cancer (TNBC) (4) .
TNBC is a subtype of breast cancer, in which the expression of all three molecular markers is negative, and accounts for 10-20% of all breast cancers. TNBC has a higher mortality and risk of metastasis compared with other subtypes of breast cancer (5, 6) . In addition, it is highly invasive and is associated with a high local recurrence risk, and poor cancer-specific and disease-free survival (7) (8) (9) .
The reasons for the low survival rate of TNBC are mainly as follows: First, compared with other subtypes of breast cancer, TNBC is associated with a higher rate of chromosomal mutations, high mitotic count, mutation of the p53 and BRCA1 genes, and lymphatic dissemination (10, 11) . Second, TNBC cannot be accurately diagnosed using conventional imaging examinations and is often only detected at an advanced stage (12) . Third, therapies such as hormone therapy, targeted therapy and chemotherapy have not been shown to be effective (12) .
Previous studies have demonstrated that there is a strong association between TNBC and race. TNBC accounts for 12-17% of all breast cancers in Western populations (13) , whereas its incidence is higher (≤50%) in African-American women. The incidence in Asian women is similar to that in Caucasian women, and BRCA1 mutations are more common in these patients (11, 14) . Previous findings have also demonstrated that obese women are at a greater risk of developing TNBC compared with non-obese women (15) . The use of oral contraceptives (OCs) has been identified as an important factor in the development of breast cancer (16) , but there are currently no studies clearly indicating an association between OCs and TNBC. Moreover, the established risk factors for breast cancer as a whole may not apply to this unique subgroup of patients.
The aim of the present systematic review and meta-analysis was to focus on case-control studies and elucidate the strength of the association between OCs and TNBC, enabling a better understanding of TNBC, helping clinicians integrate biological and epidemiological characteristics, providing a theoretical basis and more information for epidemiology researchers focusing on the etiology, prevention and treatment of TNBC.
Materials and methods
Literature search and criteria for eligible studies. The PubMed Central/PubMed and Web of Science databases were systematically searched between January, 2005 and March, 2016 using the search terms (triple-negative breast cancer OR basal-like) AND (oral contraceptives). In addition, the reference lists of the studies were manually searched for related articles. Two authors (L.L. and Y.Z.) screened the research results independently according to priorly established inclusion criteria.
Based on the history of OC use, patients were classified as non-OC users or OC users. If a patient had used OCs for >1 year, she was classified as an OC user.
Case-control studies reporting the status of ER, PR and HER2 as detected by immunohistochemistry or molecular biology methods were included in the final analysis. Additional molecular makers (cytokeratin 5/6, epidermal growth factor receptor) were analyzed by certain studies, but were not used in the present analysis. TNBCs, characterized by absence of expression of all three markers, were assigned to the case arm. Patients who expressed one or more of the abovementioned markers were assigned to the control arm. When a healthy population was used in the articles, it was assigned to another control arm. Therefore, the control group included other subtypes of breast cancer patients or healthy individuals for different groups of analysis.
The following inclusion criteria were established to minimize bias or heterogeneity in the selection of studies: i) Full-text articles published between January, 2005 and March, 2016; ii) case-control studies; iii) data on the correlation between OC use and TNBC; iv) original articles written in English; v) diagnosis of TNBC implemented by immunohistochemistry stain or molecular biology methods; vi) original data included in the articles were sufficient to calculate the odds ratio (OR) and 95% confidence interval (CI); vii) at least 20 patients included in the case group; and viii) if there was an overlap in the cases included, only the latest and most comprehensive data were selected. Any disagreements were resolved through discussion.
Data extraction and quality evaluation. The following information was independently extracted from the original studies by two reviewers: Name of the first author, year of publication, research location, histological type of the tumors, sample size of the case and control groups, and correction factor. In order to guarantee the methodological quality of the included studies, the literatures were required to meet the following basic criteria: The diagnosis of TNBC should be definitive based on immunohistochemistry or molecular biological methods and the major confounding factors should be specified and analyzed. Two reviewers independently assessed the methodological quality of the included studies according to the Newcastle-Ottawa scale. Any disagreements were arbitrated by discussion and majority voting of all authors.
Data synthesis and statistical analysis.
In order to analyze the association between OC use and TNBC, the pooled ORs and 95% CIs were calculated by the original data in the studies. The results indicated that OCs may cause TNBC with a high probability if OR >1, compared with non-use of OCs. Heterogeneity among studies was evaluated using the Chi-squared test and I 2 statistic. If the P-value of the Chi-squared test was <0.1, the heterogeneity was considered to be significant (17) . The I 2 test may be quantified in the evaluation of study heterogeneity (the greater the I 2 , the greater the heterogeneity among studies). Under normal conditions, if the I 2 value was <50%, the heterogeneity was not considered to be significant. Heterogeneity may be decreased by the following methods: i) Subgroup analysis; and ii) sensitivity analysis of the test results of potential bias. When the Chi-squared test and the I 2 statistic indicate that heterogeneity is not significant, the pooled OR value may be calculated using the Mantel-Haenszel fixed-effects model; otherwise, the DerSimonian-Laird random-effects model is adopted (14) . A funnel plot was used to evaluate the potential publication bias. Data synthesis and statistical analysis were performed using RevMan v.5.3 software (International Cochrane Collaboration Network, Copenhagen, Denmark) and the CI was set to 95%.
Results

Study selection.
A total of 392 articles were initially identified from the database search, and 11 case-control studies met the inclusion criteria and were included in the final meta-analysis. Ultimately, 9 studies were included in the group using other subtypes of breast cancer as the control arm, and 7 studies were included in the quantitative analysis using the healthy population as the control arm. A total of 15,427 patients participated and 3,279 were diagnosed with TNBC. The characteristics and original data of the studies included in the case-control analysis are summarized in Table I .
When all the data were synthesized, no significant heterogeneity was detected. For the studies using other subtypes of breast cancer as the control arm, heterogeneity was not significant (P=0.15, I 2 =33%). These results demonstrated that OC use increased the risk of TNBC among these women (pooled OR = 1.31, 95% CI = 1.18-1.45; Z=5.26, P<0.00001) (Fig. 1) . Using data from healthy individuals as the control arm, the association between OC use and TNBC was further confirmed (OR = 1.21, 95% CI = 1.01-1.46; Z=2.04, P=0.04) (Fig. 2) . Publication bias was assessed by funnel plots (Figs. 3 and 4) ; the data were distributed in the left and right parts of the graph, and there was no obvious asymmetry. This demonstrated that publication bias was not significant, and the study heterogeneity was unlikely due to publication bias.
Discussion
Previous studies indicated that the use of OCs may increase the risk of TNBC; however, the conclusions of these studies were conflicting. Indeed, Dolle et al (20) , Beaber et al (18) and Kwan et al (23) reported that OC use increases the risk of TNBC; however, Marchbanks et al (29) , Kawai et al (25) and Kabat et al (22) did not confirm this association.
The onset of TNBC is affected by multiple factors. The results of this analysis demonstrated that OC use increases the risk of TNBC. This result suggested that i) the pathological mechanism underlying OC use increasing the risk of TNBC requires further investigation; and ii) women who use OCs should be more closely followed regarding TNBC screening and prevention. It was previously demonstrated that TNBC was associated with family history (30, 31) , race (32, 33) , obesity (15, 34) and menopausal status (35) . These conclusions indicated that TNBC exhibits a certain association with hormone status. OCs are likely to exert a certain effect on hormone levels; thus, it is reasonable to infer that OC use is a likely risk factor for TNBC, with several hypotheses explaining this phenomenon. One of the mechanisms through which OC use affects breast cancer in younger women is the combination of estrogen and ER positivity in the mammary gland developing cancer, which promotes tumor growth and angiogenesis. The second mechanism is that estrogen increases the density of vascular distribution and recruitment of stromal cells systematically, which promotes tumor growth in ER -as well as ER + cases (36) . The second mechanism may play a leading role in breast carcinogenesis.
The present meta-analysis analyzed the strength of association between OC use and TNBC, compared with non-TNBC cases or the healthy population. The non-TNBC control group demonstrated that OC use may cause an increase in the risk of TNBC, and the healthy population further confirmed this conclusion.
The present systematic review and meta-analysis had several limitations. First, the number of TNBC cases was relatively small and the history of OC use was dichotomous. This classification is relatively crude, and cannot explain the association between exposure dose of OCs and TNBC. Second, the use of hormone replacement therapy was not controlled in this analysis. Therefore, the population under investigation may have obvious endocrinology heterogeneity. In order to obtain a more accurate strength of association between TNBC and OC use, this analysis requires more studies to appropriately control the abovementioned potential confounding factors. In addition, the study classified the use of OCs into never or ever users, whereas more detailed information such as types or dose of OCs was not taken into consideration. Because of the relatively limited number of studies and heterogeneous information obtained by different analyses, information on confounding factor control and heterogeneity are difficult to obtain.
Even with these limitations, the present study provides a new perspective on the association between TNBC and physiological and pathological conditions. In order to ensure the accuracy of the analysis, a funnel plot was used to analyze the publication bias of the included studies, with the results showing that publication bias was not significant.
The identification of risk factors for TNBC may provide a reference for the screening and prevention of the target population. Overall, the results of this meta-analysis indicate that women who use OCs are more likely to develop TNBC compared with women who do not. Women who use OCs, particularly combined with other risk factors of TNBC, should be followed more closely. In addition, the mechanism underlying the increased risk of breast cancer, such as TNBC, also requires further investigation.
The results of the present study should draw more attention to the disease screening and follow-up of TNBC patients and the use of OCs, particularly as risk factors of TNBC. Funnel plot with 95% CI for evaluating the publication bias for the pooled OR in studies using other subtypes of breast cancer as control. CI, confidence interval; OR, odds ratio; SE, standard error.
